A 30-year-old woman had suffered from recurrent and self-limiting fevers since childhood. Although she had no mutations in the exons or introns of the tumor necrosis factor (TNF) receptor superfamily member 1A gene, her clinical characteristics were consistent with those of TNF receptor-associated periodic syndrome (TRAPS). She did not respond to treatment with etanercept, although tocilizumab therapy was successful, subsequently ameliorating her symptoms and preventing further inflammatory attacks. Interleukin-6 blocking therapy should be considered as a new alternative treatment in patients with TRAPS who do not respond to etanercept.
Introduction
Tumor necrosis factor (TNF) receptor-associated periodic syndrome (TRAPS) is an autoinflammatory syndrome associated with mutations in the TNF receptor superfamily member 1A (TNFRSF1A) gene. It is inherited in an autosomal dominant pattern with incomplete penetrance characterized by recurrent episodes of remittent fevers accompanied by rashes, periorbital edema, abdominal pain, migratory myalgia and arthralgia. These episodes may last from a few days to several weeks and resolve spontaneously (1, 2) . Although the pathogenesis of TRAPS remains uncertain, mutations in TNFRSF1A induce the overproduction of proinflammatory cytokines and increase sensitivity to inflammatory stimuli, such as toll-like receptor ligands (3, 4) . Defective shedding of TNF receptor 1 (TNFR1) results in the insufficient neutralization of circulating TNF-α (1), and some mutations in the TNFR1 gene impair TNF-driven apoptosis (5) . In addition, the accumulation of misfolded TNFR1 in the cytoplasm activates the nuclear factor (NF)-κB pathway and mitochondrial reactive oxygen species (ROS) generation (3, 4) , while mutated TNFR1 downregulates autophagy, which further induces the accumulation of TNFR1 in the cytoplasm (6) . These abnormalities may be responsible for the clinical features of TRAPS.
The diagnosis of TRAPS is confirmed based on the detection of mutations in TNFRSF1A. However, in a large-scale study of patients exhibiting symptoms compatible with TRAPS, mutations in TNFRSF1A were found in only 10 of 18 families, and four of 176 sporadic cases (7) . Furthermore, patients without known mutations demonstrate abnormalities in TNF receptor-associated cellular functions similar to those observed in mutation-positive TRAPS subjects (8) , and it has been revealed that some mutationnegative patients have mutations in the intron regions of TNFRSF1A (9) . However, the etiology of most cases of mutation-negative TRAPS remains unknown (7) , and mutations in other unidentified molecules may be responsible for the pathogenesis of mutation-negative TRAPS.
The aim of treatment for TRAPS is to relieve symptoms and prevent inflammatory attacks, which eventually result in the development of secondary amyloidosis. Because abnormalities in TNF receptor-associated cellular functions are related to the pathology of TRAPS, etanercept (ETN), a recombinant human soluble TNF receptor fusion protein, is commonly used as a first-line therapy. However, some patients do not respond to ETN. Infliximab (IFX) and other monoclonal antibodies against TNF-α should not be used in such cases since they may induce inflammatory attacks in patients with TRAPS, although the exact mechanisms remain unknown (10, 11) . In addition, high-dose corticosteroids suppress the severity of febrile episodes, although they are not usually tolerated as maintenance treatment due to their adverse effects (2) . Therefore, the development of an effective treatment for TRAPS is required in order to ameliorate symptoms and prevent inflammatory attacks. We herein report a case of mutation-negative TRAPS that was successfully treated with tocilizumab (TCZ), an antiinterleukin (IL-6) receptor monoclonal antibody.
Case Report
A 30-year-old woman without a family history of febrile episodes was admitted to our department with a high fever accompanied by shaking chills, nausea, rashes, migratory myalgia and large joint pain. She reported experiencing the same febrile episodes in a recurrent manner since 7 years of age. The inflammatory attacks lasted for approximately one month and resolved spontaneously without medication. She took high-dose aspirin or 15 to 30 mg/day of prednisolone (PSL) occasionally to relieve the symptoms and shorten the duration of the episodes, which occurred several times a year. At 29 years of age, the patient developed bilateral aseptic necrosis of the femoral head and discontinued all medications. One year later, a remittent fever accompanied by migratory myalgia and large joint pain recurred and gradually worsened. Two weeks later, she was referred to our department.
On admission, the patient's temperature was 39°C. A physical examination revealed periorbital edema and erythematous patches on the extremities and trunk (Fig. 1) . The erythema was migratory and accompanied by muscle pain and a high fever. The fever and associated symptoms lasted for a few hours, resolved spontaneously and developed again several times a day. Laboratory examinations revealed an elevated level of C-reactive protein (CRP: 67.3 mg/L) and accelerated erythrocyte sedimentation rate (81 mm/h). Tests for antinuclear antibodies, antineutrophil cytoplasmic antibodies and IgM rheumatoid factor were negative, and the levels of complement components C3, C4 and CH50 were all within the normal ranges. The serum level of ferritin was within the normal range; however, the serum levels of TNF-α (5.4 pg/mL) and IL-6 (47.1 pg/mL) were elevated, while the level of IL-1β was below the limit of detection of 10 pg/mL.
The patient's long history of recurrent and self-limiting inflammatory attacks since childhood suggested a diagnosis of an autoinflammatory syndrome, and her clinical features were characteristic of TRAPS (2) . We therefore started treatment with 15 mg/day of PSL, which had relieved the symptoms associated with her past inflammatory attacks, in addition to 1 mg/day of colchicine. However, these therapies did not decrease the severity of the attacks. Under a clinical diagnosis of TRAPS, we initiated treatment with ETN at a dose of 25 mg twice per week. However, neither the frequency nor severity of the attacks changed during the four weeks of treatment. Because the patient's serum IL-6 level was elevated, we administered 8 mg/kg of TCZ; three days later, her fever and symptoms resolved. Ten days after the first TCZ infusion, a fever of 39°C with shaking chills, nausea and migratory myalgia recurred. The same dose of TCZ was again administered 14 days after the initial infusion, which immediately ameliorated the patient's symptoms (Fig. 2) . Subsequently, she experienced a symptom-free period for 104 weeks, after which the TCZ administration was terminated upon her request. Six months later, however, she developed a fever of 38°C with nausea and persistent macular rashes in the extremities that lasted for 12 days. The TCZ treatment was therefore resumed, which promptly ameliorated these symptoms. Thereafter, continuous TCZ infusions completely prevented any further recurrence of the inflammatory attacks.
In order to obtain a definitive diagnosis of TRAPS, we conducted a genetic analysis of the patient's peripheral blood cells. However, DNA sequencing of all exons and introns of genomic TNFRSF1A revealed no mutations. In addition, she exhibited no mutations in the entire exons and introns of other autoinflammatory syndrome-associated genes, including cold induced autoinflammatory syndrome 1 (CIAS1), mediterranean fever (MEFV), mevalonate kinase (MVK), proline-serine-threonine phosphatase-interacting protein 1 (PSTPIP1), nucleotide-binding oligomerization domain-containing protein 2 (NOD2) and lipin 2 (LPIN2). We therefore finally diagnosed her with mutation-negative TRAPS.
Discussion
Our patient with mutation-negative TRAPS did not respond to treatment with ETN, although TCZ therapy was successful. This case suggests that TCZ can be used to effectively ameliorate symptoms and prevent inflammatory attacks in patients with TRAPS.
Genetic studies have demonstrated that the mutation of TNFRSF1A is critically involved in the etiology of TRAPS, and several anecdotal reports have described the favorable effects of ETN in TRAPS patients (2, 12, 13) . In addition, a clinical trial revealed that ETN ameliorates the severity of acute inflammatory attacks by one-third and reduces the frequency of inflammatory attacks by half on average (14) . These results confirm the involvement of TNF in the pathogenesis of TRAPS. However, ETN treatment has been found to be ineffective or insufficient to ameliorate symptoms and fails to prevent all inflammatory attacks in some patients (14) . There are no common features among responders to ETN treatment, including the presence or position of mutations in TNFRSF1A and/or clinical symptoms. These results suggest that TNF is not the only cytokine to play a central role in the onset of TRAPS-related conditions.
Although ETN therapy may have been inadequate to suppress the patient's febrile attacks in the present case, the favorable response to TCZ suggests that IL-6 plays crucial role in the pathogenesis of TRAPS. Similarly, one case re-port described the efficacy of TCZ in a steroid-dependent and ETN-resistant patient with TRAPS (15) . In addition, IL-1 blocking therapy has been reported to be effective in patients resistant to ETN (16) . These results indicate that TNF is not the only critical target in the treatment of TRAPS. Therefore, IL-6 blocking therapy should be considered as a new alternative treatment option in patients with TRAPS who do not respond to ETN. TCZ has been reported to prevent amyloidosis in the setting of several chronic inflammatory diseases, including rheumatoid arthritis and Castleman's disease (17, 18) . TCZ may also be effective in preventing the development of amyloidosis in patients with TRAPS, one of the most severe complications of this disorder.
The present patient exhibited clinical manifestations characteristic of TRAPS, without any identified mutations in the TNFRSF1A gene. Somatic mosaicism may account for this discrepancy, as reported in cases of chronic infantile neurological cutaneous and articular (CINCA) syndrome and Muckle-Wells syndrome (19, 20) . In addition, the lack of mutations in this case may be due to the presence of mutations in other genes related to the aberrant regulation of cytokine production and/or initiation of inflammation (8) .
In conclusion, IL-6 blocking therapy may be a useful treatment for TRAPS. However, further clinical investigations are required to confirm its efficacy in both mutationpositive and -negative TRAPS patients.
